On the general ocean circulation forced by the asymmetric wind stress curl, the role of the eddies which are detached from the western boundary current is studied using an eddy-resolving two-layered quasi-geostrophic numerical model with free-slip boundary condition. An ideal sinusoidal function is used as the wind stress curl, and amplitude is assumed to be larger over the southern basin than over the northern one. In contrast with the antisymmetric wind forcing, in the asymmetric wind stress case, the subtropical western boundary current overshoots to the north from the zero wind stress curl line. As the asymmetricity of the wind forcing becomes larger, the separation point of the time mean field is located further north. The eddies generated in the region of the subtropical recirculation are advected northward by the western boundary current and they are detached from subtropical gyre. The release of these eddies to the north basin leads to weaken the subtropical recirculation system. From the analysis of the potential vorticity budgets, in the asymmetric case, it is shown that detached eddies play an important role in transporting the negative vorticity which is excessively inputted into the southern basin, to the northern basin, in addition to the terms which transport vorticity in the antisymmetric case, i.e., the vorticity transport by the meander of the jet. Under the free-slip boundary, more than a quarter of that excess vorticity is transported by those detached eddies in some cases.
Introduction
In the separation region of the western boundary currents, there are many interesting phenomena such as the separation of western boundary current, eastward extension of the currents, strong recirculation, and formation of warm and cold core rings.
These regions are dominated by the mesoscale eddies and a large number of studies with eddy-resolving models have been carded out to understand the role of the mesoscale eddies with the rectangular domain and the antisymmetric wind forcing since the pioneering work of Holland (1978) . The circulation produced by the antisymmetric wind forcing is symmetric on the northsouth direction. Holland and Rhines (1980) and Harrison and Holland (1981) investigated the potential vorticity dynamics for the reproduced circulation. They showed the importance of eddy activity near the midlatitude jet in the potential vorticity budgets for two gyres. Furthermore, Lozier and Riser (1990) examined the potential vorticity dynamics by both Lagrangian and Eulerian type analyses. They showed that the eddies generated by the baroclinic instability become the potential vorticity source of the lower layer, and they transport the potential vorticity crossing the midlatitude jet. Holland and Schmitz (1985) , Schmitz and Holland (1986) Nm -3. The original wind stress data were made by Kutsuwada and Teramoto (1987) .
Barnier et al. (1991) studied the dependence of the midlatitude jet on both vertical and horizontal resolution of the numerical model. In addition to the experiments by above multilayered models, considerations by barotropic models (Marshall, 1984; Le Provost and Verron, 1987) have contributed to the understanding of the role of eddies in the general ocean circulation. On the other hand, the real ocean does not reveal such symmetric structure. It is considered that the asymmetric wind stress curl is one of the elements which produce the asymmetric ocean circulation. Figure 1 shows the 24-year annual mean wind stress curl field of the North Pacific which is computed from the wind stress data of Kutsuwada and Teramoto (1987) . There are two significant features in this figure. First, the northern zero wind stress curl line tilts toward northeast-southwest. Rhines and Schopp (1992) examined the influence of this tilting to the general circulation using a quasi-geostrophic model. Secondly, the amplitude of the wind stress curl in the south basin are twice as large as that in the north basin. There are a few papers which investigate ocean circulation driven by such asymmetric wind forcing. Veronis (1966) showed that the western boundary current can penetrate northward into the area where there is no wind stress curl in nonlinear cases. Harrison and Stalos (1982) expanded the Veronis' model to the double gyre and explored the vorticity budgets for two gyres. They found that the negative vorticity transport by the adveetion plays an important-role in equilibrating states in the asymmetric wind forcing. Verron and Le Provost (1991) studied the asymmetric wind forcing problem by using an eddy-resolving quasi-geostrophic model. They showed that the local balance of the time mean vorticity in the western boundary mainly controls the separation latitude.
The motivation of the experiment in this paper is similar to that of Verron and Le Provost (1991). However, we will focus on the role of the detached eddies (i.e., rings) in the potential vortieity balances for two gyres, namely, we will discuss how the detached eddies contribute to the equilibrium state. The intent of this paper is to explore the role of phenomena produced by the asymmetric wind forcing in the general ocean circulation by using an eddy-resolving quasi-
